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BRIEF NARRATIVE REPORT

The research supported in this contract, and previous a ORN contract
("Organofunctional Phosphazenes and Organofunctional Phosphazene Polymers") has

lead to the establishment of an entire new class of hybrid inorganic/organic materials.
After the discovery and elaboration of this class of polymers by our group in Vermont,
research in this area has attracted the interest of inorganic chemists, polymer chemists
and materials scientists in the US, Canada, the UK, the Netherlands and Japan. Our work
has been comprehensively reviewed in Technical Report (TR)#19. The entire area is
covered in yearly comprehensive reviews of phosphazene chemistry authored by the P.I.
The work supported by this contract was concerned with the preparation and
polymerization of functionalized inorgainc ring systems followed by thermal decomposition
reactions to provide interesting and useful materials such as boron nitride ceramics. The
general approach involved a three step process which started with the affixing of a vinyl
group to an inorganic ring system (with the emphasis being on cyclophosphazenes and
cycloborazines). The vinyl borazine was then polymerized to form polymeric precursors
to the above mentioned ceramics. In some cases, chemical modification of the polymers
preceded the final step which involves the pyrolysis of the mixed inorganic/organic
polymers to form the desired materials. At each stop of the process, new materials were
characterized in terms of both structure and reactivity.

Inorganic rings systems examined included cyclphosphaznes, cycloborazines and
silylazanes. In cyclphosphazene chemistry we have developed several new monomers
and studied their polymerization behavior. These included vinylether (TR#1), =-
methylstyrene (TR#3,4,9) styrene (TR#3), vinyloxy (TR#15) derivatives. A detailed
mechanistic study of the thermal decomposition process of one of these systems,
poly(vinyloxypentachlorocyclotriphosphazene), has been conducted (TR#7). Reactivity
studies include both monomers and polymeric systems. Insights gained from monomer
synthesis lead to the establishment of predictive schemes for substitution reactions of
cyclophosphazenes (TR#16). Reactivity ratios of inorganic monomers in copolymerization
have received detailed attention (TR#6,7,19). Reactions of polymers containing
cyclophosphazenes have involved both nucleophilic substitution processes and redox
activity of exocyclic redox centers (TR#18). In cycloborazine chemistry new vinyl and
styrene derivatives have been prepared (TR# 11,13) and their homo and copolymerization
reactions investigated (TR# 11,13,17,19). Transformation to high char yield materials has
been achieved (TR#17,19). The polymerization of N3B3Me5CH =CH2 proceeds thermally
or by 8-irradiation but not by classical radical initiation. Polymerization of
N3B3Me 4(CH=CH2)2 or the N3B3Me6.n(CH=CH2)n (n=1,2) mixture can be controlled to
stop at a soluble material which may be cross-linked on further heating. Pyrolysis of the
cross-linked material gives an 80% char yield at 8000 in air or nitrogen. The trininyl
derivative can be added to a mold and heated to give shaped objects. Novel acetylene
bridged borazines have also been prepared. A synthesis of monovinylcyclodsilylazanes
(Me2Si)(NR)2SiMeCH=CH2 has been achieved and the copolymerization of one of these
materials (R=Ph) with styrene has been carried out.
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